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1.0 INTRODUCTION

This Resource Conservation and Recovery Act (RCRA) Corrective Measure Study (CMS) Report was
prepared for the Cast High Explosives Fill/Building 146 (B146) Incinerator at the Naval Support Activity
(NSA) Crane facility located in Crane, Indiana. The Cast High Explosives Fill/B146 Incinerator is also
known as Solid Waste Management Unit (SWMU) 16 and is identified in Attachment 0 of the Indiana
State RCRA Hazardous Waste Management Permit for the facility (IN5170023498) as SWMU 16/16
(IDEM, 2013). Tetra Tech, Inc., prepared this CMS Report under Contract Task Order (CTO) F27R of
Comprehensive Long-Term Environmental Action Navy (CLEAN) Contract No. N62470-08-D-1001.

11 SCOPE AND OBJECTIVES OF THE CORRECTIVE MEASURE STUDY

Indiana Department of Environmental Management (IDEM) is the lead regulatory agency for RCRA
corrective actions at SWMU 16. This CMS Report was prepared to meet the requirements of the Indiana
State RCRA Hazardous Waste Management Permit for NSA Crane (IN5170023498), which went into
effect on October 18, 2001. The corrective action requirements for SWMU 16 are being addressed as
part of the Navy Environmental Restoration Program (ERP), which is designed to identify contamination
from past operations at Navy and Marine Corps lands and facilities and to institute corrective measures

as needed.

The purpose of a CMS is to develop and evaluate corrective action alternatives and to recommend the
corrective measure(s) to be taken at the site. The RCRA Permit, Attachment 0, Tasks 6 to 8 and 9B
address general requirements for a CMS. Tasks include identification and development of the corrective
measure alternative(s) (Task 6), evaluation of the corrective measure alternative(s) (Task 7), and
justification and recommendation of the corrective measure(s) (Task 8) for the site. The results of the
evaluation and recommendation based on the results are provided in a CMS Report (Task 9B) for the

site. Specific objectives of a CMS include the following:

e |dentify Corrective Action Objectives (CAQOSs).

¢ Identify media cleanup standards (MCSs) for the site chemicals of concern (COCs) that are protective

of human receptors and the environment based on the CAOs.

e Develop and evaluate corrective measure alternatives that satisfy the CAOs by protecting human

receptors and the environment.

Recommend a corrective measure alternative.

121406/P 1-1 CTO F27R
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1.2 PURPOSE OF THE CORRECTIVE MEASURE STUDY REPORT FOR SWMU 16

This CMS Report was prepared to provide the results of the CMS for SWMU 16 to identify and
recommend corrective measures for soil contamination under B146 and groundwater contamination at
SWMU 16.

As discussed further in Section 1.5.2, past explosives fill, pressure washout, and incineration operations
at the site resulted in releases of explosives, chlorinated solvents, and metals. Closure of the
incinerators, two Volunteer Interim Measures (VIMs) in the 1990s, and an Interim Measure (IM) in 2013 to
2014 removed the sources of contamination outside of the B146 footprint. As discussed further in
Section 2.0, based on the results of the RCRA Facility Investigation (RFI) (Tetra Tech, March 2011),
Monitored Natural Attenuation (MNA) Study Report (Tetra Tech, July 2010), IM Report (IMR) (Tetra Tech,
September 2014), and two vapor intrusion (VI) studies (Tetra Tech, March 2011 and November 2014),
potential unacceptable risks remain at SWMU 16 that can be addressed by the alternatives developed
and evaluated in this CMS Report. Trichloroethene (TCE) concentrations in soil under the concrete
foundation of B146 are greater than acceptable levels for potential migration to groundwater (based on
drinking water exposure) and is a potential concern if TCE migrates to groundwater and site groundwater
is used for drinking. Under the current land use at SWMU 16, TCE concentrations in soil gas under the
concrete foundation of B146 could pose potential unacceptable indoor air risks to workers inside B146 if
the B146 foundation is compromised. Based on chlorinated volatile organic compound (VOC)
concentrations in groundwater and soil gas at the site, VI could present a future unacceptable indoor air
risks to occupants of any future constructed or modified buildings at SWMU 16. Chlorinated VOC and
explosives concentrations in groundwater at the site are a potential future concern if site groundwater is
used for drinking and if groundwater concentrations increase such that discharge to surface water results
in future unacceptable risks to ecological and human receptors of Turkey Creek. Potential unacceptable
ecological risks associated with exposure to metals in soil that were identified in the SWMU 16 RFI
Report (Tetra Tech, March 2011) were addressed as part of the 2013 to 2014 IM.

Based on the potential unacceptable risks for SWMU 16 and the following considerations, the evaluation
of technologies and alternatives for addressing contamination at SWMU 16 focuses on long-term
management [i.e., monitoring and land use controls (LUCs)] rather than active treatment of soil and

groundwater:
e NSA Crane is a fenced military installation controlled by the Navy. NSA Crane was not included in

the 2005 (most recent) Base Realignment and Closure (BRAC) process and will remain a military
installation for the foreseeable future.
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e Current and anticipated future land uses at the site are military (i.e., industrial). Residential land use
occurs only in very limited areas of the facility, none of which are located within or adjacent to
SWMU 16.

e Operations and sources of contaminant releases have been discontinued and/or removed, and IMs
were conducted to remove accessible soil contamination at SWMU 16. Contaminated soil could not
be removed from under B146 because excavation activities would disturb mission-critical activities

conducted in the building.

e The building structure and foundation isolate contaminated soil under B146 from the environment;
therefore, residual soil contamination under the concrete foundation of B146 is not accessible and is
not a source for migration to groundwater or to indoor air as long as the concrete foundation is intact.
As discussed further in Sections 2.3 and 2.4, alternative development considered the potential that
soil will be accessible in the future when mission-critical activities are no longer required at B146. At

that time, the Navy would determine whether additional action may be warranted for SWMU 16.

e Unique topography, geology, and hydrogeology prevent contaminated groundwater in bedrock at the
site from migrating beyond surface water drainages near the boundary of SWMU 16; therefore, the
extent of contaminated groundwater at the site is currently stable. Based on the existing data, risks
are acceptable for downgradient surface water and sediment; therefore, an adverse impact from
current groundwater migration to surface water drainages has not been identified. Although site
groundwater has not adversely impacted downgradient surface water (i.e., Turkey Creek),
alternatives in the CMS Report consider appropriate measures to ensure that surface water is not

adversely impacted by SWMU 16 contamination in the future.

1.3 ORGANIZATION OF THE CORRECTIVE MEASURE STUDY REPORT

This CMS Report consists of four sections. Section 1.0 is this introduction. Section 2.0 provides the
results of identification and development of corrective measure alternatives and includes a description of
current conditions based on previous investigations, IMs, and the conceptual site model (CSM); develops
CAOs, including specifying the MCSs for SWMU 16; and screening results of corrective measure
technologies and identification of corrective measure alternatives developed for SWMU 16. Section 3.0
provides an evaluation of each corrective measure alternative, and Section 4.0 provides a comparative
analysis of alternatives and justification and recommendation for corrective measures at SWMU 16.

Appendix A provides supporting information, including database print outs for VOC, explosives, and

121406/P 1-3 CTO F27R
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groundwater characteristics data, and Appendix B provides the calculations and cost estimates for the

corrective measure alternatives.

1.4 FACILITY BACKGROUND INFORMATION

1.4.1 Facility Location

NSA Crane encompasses 62,463 acres (approximately 98 square miles) in the southern portion of
Indiana, approximately 75 miles southwest of Indianapolis, Indiana, and 71 miles northwest of Louisville,
Kentucky, immediately east of Crane Village and Burns City (Figure 1-1). Most of the NSA Crane facility
is located in the northern portion of Martin County, and smaller portions are located in Greene, Daviess,
and Lawrence Counties. NSA Crane is located in a rural sparsely populated area. Most of NSA Crane is

forested, and the surrounding area is wooded or farmed land.

NSA Crane provides support for Navy equipment, shipboard weapons systems, and ordnance. In
addition, NSA Crane supports the Crane Army Ammunition Activity (CAAA) with production, renovation,

storage, shipment, demilitarization, and disposal of conventional ammunition.

1.4.2 Facility History

This subsection provides general information on the history of NSA Crane and its activities.

1.4.2.1 History of Ownership and Operation

In 1940, Congress authorized construction of a Naval Ammunition Depot (NAD) in southern Indiana, and
NAD Burns City was commissioned in 1941. In 1943, NAD Burns City was renamed NAD Crane, and the
Town of Crane was built to house the rapidly growing number of civil service employees. The overall

mission of NAD Crane was to load, prepare, renovate, receive, store, and issue ammunition to the fleet.

During World War II, the mission of NAD Crane was expanded to include pyrotechnics production, mine
filling, rocket assembly, field storage, torpedo storage, and ordnance spare parts and mobile equipment
storage. During the 1950s, several new departments were created. The Ammunition Loading and
Production Engineering Center was transferred to NAD Crane, and the Central Ammunition Supply
Control Office was established. NAD Crane supplied ammunition to the fleet during the Korean and
Vietham Conflicts. During the Vietnam Conflict, the number of full-time employees at NAD Crane

increased to 6,800.
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In 1975, NAD Crane was redesignated Naval Weapons Support Center Crane. Its new mission was to
provide support for ships, aircraft, equipment, shipboard weapons systems, and assigned ordnance items

and to perform additional functions as directed.

In 1977, the Single Manager Concept was implemented, the CAAA was created, and the Army assumed
ordnance production, storage, and related responsibilities as a tenant organization at Naval Weapons
Support Center Crane. Other functions remained under Navy control. In 1992, the facility was
redesignated Naval Surface Warfare Center (NSWC) Crane. Under a new command structure of the
Navy Region Midwest (now Mid-Atlantic), NSA Crane was established. CAAA and NSWC Crane are two

of the tenant commands located at NSA Crane.

NSA Crane’s more than 4,000 civilian and contractor employees provide comprehensive support for
complex military systems spanning development, deployment, and sustainment in three mission areas,
Electronic Warfare/Information Operations, Special Missions, and Strategic Missions. The Navy currently
retains ownership of all real estate and facilities at NSA Crane. Responsibility for overall safety, security,

and environmental protection remains with the Commanding Officer, NSA Crane.

1.4.2.2 History of Regulatory Actions

Following promulgation of the United States Environmental Protection Agency's (USEPA’'s) RCRA
hazardous waste regulatory program, NSWC Crane filed notification and application in October 1980 to
operate as a RCRA hazardous waste treatment, storage, or disposal facility (TSDF). Interim status was
granted subject to the operating requirements and applicable technical standards in Title 40 of the Code

of Federal Regulations, Part 265.

Corrective action programs established as part of the 1984 RCRA Hazardous and Solid Waste
Amendments required NSWC Crane to address past releases of hazardous waste or hazardous
constituents at SWMUSs. Accordingly, NSWC Crane submitted a Hazardous Waste Management Report,
and a RCRA Facility Assessment (RFA) was conducted to characterize the potential for releases of

hazardous wastes or constituents from approximately 100 SWMUSs identified during the RFA.

In December 1989, USEPA issued the federal portion of the Final RCRA Part B permit for NSWC Crane
to the Navy. USEPA and IDEM renewed the RCRA Part B permit in 1995, and modifications have been
made as necessary with the approval of IDEM, who now has responsibility for the Federal Corrective

Action Program.
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15 SWMU 16 BACKGROUND INFORMATION

This subsection provides a summary of background information for SWMU 16. Additional details are
provided in the RFI Report (Tetra Tech, March 2011), SWMU 16 IM Work Plan (IMWP) (Tetra Tech,
August 2013), and SWMU 16 IMR (Tetra Tech, September 2014).

151 Site Description

SWMU 16 is in the north-central portion of NSA Crane, southeast of Highway 45 (Figures 1-1 and 1-2).
The general operational area associated with past SWMU 16 activities is approximately 16 acres and
includes the fenced area around B146, former setting tanks, former underground storage tank (UST), and
former ash pile and impacted areas south of the incinerator bays (see Figures 1-2 and 1-3). The
SWMU 16 boundary includes a portion of the B146 fenced area and the potential drainage area for
groundwater from the SWMU 16 operational area (Figure 1-2). The largest building at SWMU 16, B146,
is located in the north-central portion of the SWMU and covers approximately two-thirds of an acre. Other
buildings, gravel parking lots, and paved roads that allow access to the buildings are located in the B146
area. Facilities around B146 include case filling, case preparation, lunch and locker, and sewage
pumping station buildings to the north, fuse and detonator magazines to the south, and magazine and
storage buildings to the east. Most grassy areas are located east and southeast of B146. Most of the

SWMU area surrounding B146 is heavily forested.

Protected bird species that may use SWMU 16 as part of their home ranges include the bald eagle,
osprey, sharp-shinned hawk, red-shouldered hawk, broad-winged hawk, black and white warbler, hooded
warbler, and the worm-eating warbler. Also, the Indiana bat, a Federal endangered species is known to
forage at NSA Crane. During the spring and summer, Indiana bats roost in trees and forage for insects

primarily in riparian and upland forests.

1.5.2 Site History

B146, constructed in 1943, was an explosives filling (cast loading) and pressure washout facility and later
included three oil-fired rotary kiln incinerators and associated aboveground No. 2 fuel oil tanks. Cast
loading involved melt pouring of 2,4,6-trinitrotoluene (TNT), hexahydro-1,3,5-trinitro-1,3,5-triazine (RDX),
and high blast explosive (HBX) (a family of binary explosives composed of RDX, TNT, powdered
aluminum, and wax) into projectiles. Operations included preparation of munitions casings for explosives
filling and use of a TCE degreaser. Other operations included demilitarization and incineration of
ammunition (small caliber ammunition, shotgun shells, fuses, detonators, boosters, tracers, flare candles,

and smoke flares) and demilitarization and high-pressure washout of projectiles. Steam out of Army

121406/P 1-6 CTO F27R



NSA Crane
SWMU 16 CMS Report
Date: January 2016

ammunition and rockets containing TNT and Composition B (RDX, TNT, and wax) was reportedly
conducted between 1954 and 1956.

Beginning in approximately 1967, the incinerators, located in concrete bays, were used to demilitarize
munitions through burning or detonation. Munitions placed in the incinerators were exposed to flame
combustion, which resulted in destruction of the energetics (explosives, propellants, and pyrotechnics)
contained within the munitions. Initially, ash and slag residues were piled on the ground south of the
incinerators. Later, ash and other incineration residues were collected and transferred to the NSWC
Crane hazardous waste storage facility prior to off-site disposal. Use of the incinerators was discontinued
in 1987, a closure plan was prepared in 1989, and the incinerators were closed in the early 1990s
(Halliburton NUS, November 1992 and Tetra Tech, March 2011). The ash/slag piles were removed as
part of incinerator closure. Soil contaminated with ash and slag were excavated as part of a VIM
conducted in 1995 and 1996 (Morrison Knudson Corporation, February 1997), and remaining metals-
contaminated soil associated with ash and slag piles was removed as part of the IM conducted in 2013
and 2014. The fuel oil tanks and visually impacted soil under the tanks were removed as part of the 1995
to 1996 VIM. Therefore, the incinerators, fuel oil tanks, ash/slag piles, and contaminated soil associated

with incineration activities have been removed from SWMU 16.

Prior to 1978, wastewater from site operations was discharged through storm drains to ditches and local
surface water bodies. After 1978, wastewater was transported to the CAAA Rockeye Treatment Facility
for treatment. Additionally, until the mid-1990s, B146 floor drains and building downspouts discharged to
two settling tanks (also referred to as sumps or settling basins in various site documents) located on the
eastern and western sides of B146. The settling tanks were made of concrete with wooden covers and
drained through clay (terra cotta) tile pipes into drainage ditches in the woods. As part the 1995 to 1996
VIM, the settling tanks were cleaned; however, water containing high levels of TCE was found entering
the settling tanks. A subsequent VIM was conducted from 1996 to 1998 to prevent water from continuing
to enter the settling tanks. As part of these activities, the pipe from the downspouts to the setting tanks,
the inlet to and outlet of the terra cotta pipes exiting the settling tanks, and existing floor drains in B146
were sealed. Building downspouts were rerouted to drain to the hillsides east and west of B146. TCE-
contaminated water entering the settling tanks was treated until concentrations were low enough to
directly route water entering the settling tanks to the sanitary sewer system (Morrison Knudson
Corporation, December 1999). A third settling tank was installed in 1974 to the north of B146 that
received hotwell waters and discharged to the sanitary sewer system. The three settling tanks and UST
north of B146 were removed as part of 2013 to 2014 IM activities (Tetra Tech, September 2014). Piping
from the former floor drains to the former settling tanks apparently remains in place, except where such
piping was encountered (and removed) in the excavation areas included in 2013 to 2014 IM activities

(see Figure 1-4).
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SWMU 16 is currently used for renovation, rework, and breakdown of munitions and ammunition

demilitarization operations. The current operations are not under a RCRA permit.

15.3 Topography and Surface Drainage

Just north of SWMU 16, Highway 45 runs in a northeast-southwest direction along a ridge top that is also
a drainage divide. B146 is located on a relatively flat area on the top of the ridge, with elevations ranging
from approximately 760 to 766 feet above mean sea level (amsl). Elevations decrease to the east, south,
and west of the building area at slopes of 18 to 20 percent. Surface drainage from the site is routed via
drainage ditches and culverts to intermittent streams that discharge to Turkey Creek. Turkey Creek flows
from northeast to southwest and is located east of SWMU 16. Figure 1-3 shows the topographic contours

and locations of surface drainages around the site and Turkey Creek.

The eastern portion of the B146 area drains into drainage ditches that flow to the east and then to the
southeast. These drainage ditches discharge to Turkey Creek at locations approximately 1,500 feet east
and 1,500 feet southeast of B146. The western portion of the area drains into drainage ditches that flow
to the west for approximately 500 feet where they enter an intermittent stream. The intermittent stream
flows to the south and then to the southeast before it discharges to Turkey Creek approximately
2,000 feet south-southeast of B146. The elevation of Turkey Creek is approximately 575 feet amsl. The
drainage ditches and drainage channels to Turkey Creek are usually dry and are typically only wet during
and immediately after rainfall. Turkey Creek has more frequent occurrences of flowing water; however

the section of Turkey Creek near SWMU 16 is dry for a significant portion of the year.

154 Site Geoloqgy and Soil

Natural unconsolidated materials at the top and sides of the ridge are residual soils formed from
weathering of the underlying bedrock. The residual soils are predominantly fine-grained materials
including varying amounts of clay, silt, and sand. The maximum observed overburden thickness was
approximately 13 feet on the top of the ridge. Elsewhere, residual soils were generally less than 10 feet
thick.

The soils are underlain by Pennsylvanian-age bedrock that consists of discontinuous layers of siltstone,
sandstone, shale, and coal seams. Below the Pennsylvanian rock lie Mississippian-age limestone and
sandstone formations. Three geologic cross sections (A-A’ to C-C’) were developed during the RFI to
illustrate the subsurface materials underlying SWMU 16. Figure 1-5 shows the locations of the

generalized geologic cross sections, and the cross sections are presented as Figures 1-6 and 1-7.
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A number of shallow, discontinuous, and weathered sandstone layers approximately 5 to 15 feet thick
were encountered near the top of the ridge at elevations of approximately 740 to 755 feet amsl. The
sandstones are presumably capping the ridge and are resistant to erosion. Groundwater was first
encountered in these sandstones, and they are collectively referred to as the Upper Pennsylvanian water-
bearing zone (Puz). Shale layers are somewhat continuous and interlayered with the shallow sandstone
lenses. A continuous or nearly continuous layer of shale and siltstone, 5 to 10 feet thick, lies beneath the
sandstone lenses between elevations of 730 and 740 feet amsl. The shale and siltstone unit is irregular
in thickness but appears to be an effective aquitard between the Puz and the slightly deeper,
intermediate-depth, sandstone lenses encountered at elevations of approximately 720 to 735 feet amsl.
Groundwater was encountered within the sandstone lenses, which are referred to as the Middle

Pennsylvanian water-bearing zone (Pmz).

A shale unit was encountered from approximately 675 to 725 feet amsl. The shale is continuous across
the site and has a thickness of 35 to 50 feet. Because of its thickness, this shale is acting as an aquitard
beneath the Pmz and the underlying interlayered sandstone and siltstone unit that contains a coal seam
near the top. This unit is referred to as the Lower Pennsylvanian water-bearing zone (Plz). During the
RFI, borings were advanced a maximum of 10 feet into this unit; therefore, it is not possible to determine
the thickness and other lithologic properties of this zone at SWMU 16.

The Pennsylvanian bedrock beneath SWMU 16 is estimated to be 122 to 134 feet thick, and the
Pennsylvanian/Mississippian unconformity is estimated to be at approximately 630 to 640 feet amsl. This
would place the Mississippian rock formations approximately 20 to 30 feet below the deepest monitoring
well located on the ridge top (Figures 1-6 and 1-7).

Boreholes advanced southeast of B146 at the base of the ridge near Turkey Creek encountered 1 to
2 feet of shale at the bottoms of the borings. This Mississippian-age shale unit should act as an
additional aquitard that prevents migration of groundwater vertically downward through the core of the
ridge.

1.5.5 Site Hydrogeoloqy

As discussed above, the Pennsylvania bedrock encountered during SWMU 16 field investigations was
divided into three water-bearing zones, Puz, Pmz, and Plz, based on stratigraphy, differences in water-
yielding properties, and differences in hydraulic potential. Shale units and occasional siltstone lenses

separate the water-bearing zones and appear to act as aquitards.
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The Final MNA Report for SWMU 16 (Tetra Tech, July 2010) presents the recorded groundwater
elevations for SWMU 16 Puz wells from nine different monitoring rounds from May 2003 through April
2007. Based on these data, most recorded groundwater elevations are below the recorded well-specific
elevations for the top of bedrock. During the installation of multiple borings in the overburden at
SWMU 16, no groundwater was encountered in those soil borings, indicating that groundwater elevations

were below the local bedrock elevations.

Most of the groundwater in the Puz and Pmz flows to the southeast, south, and southwest.
Potentiometric surface maps reflecting Round 3 (January 2004) groundwater contours are provided as
Figures 1-8 through 1-10 for the Puz, Pmz, and Plz, respectively. Excerpts from the 2010 MNA Report
are provided in Appendix A.1 and include a table with the Rounds 1 to 9 groundwater elevations and
Round 9 potentiometric surface maps. The Puz and Pmz intercept the land surface (i.e., crop out) along
the upper portions of the ridge between elevations of 730 and 760 feet amsl. Groundwater in the Puz and
Pmz that reaches the outcrop area is taken up by vegetation and transpired, seeps into drainage ditches
at the ground surface, and joins surface water in the ditches and intermittent streams flowing toward
Turkey Creek or migrates down the side of the hill along the bedrock/soil interface. A small portion of
Pmz groundwater migrates downward through a shale and siltstone aquitard and enters the Plz.

Groundwater flow in the portion of the Plz that is monitored flows toward the northeast.

1.5.6 Water Supply

Groundwater at SWMU 16 is not currently used, and there are no plans for its use in the future.
Greenwood Lake, an 800-acre lake in the northern portion of NSA Crane (Figure 1-1), is the main source
of drinking water at NSA Crane and is expected to remain as such in the future. Greenwood Lake is

located approximately 0.5 mile northwest of SWMU 16.

1.5.7 Surrounding Land Use

SWMU 16 is approximately 3 miles south of the nearest NSA Crane property boundary. There are no
known or likely future land use changes under consideration or proposed at this time for SWMU 16.
SWMU 16 is contained completely within NSA Crane, and likely future surrounding land use is expected

to be limited to military/industrial uses.
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